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H I G H L I G H T S

• Porous structure PLA/ZIF-8 fibrous membranes were prepared.

• The PLA/ZIF-8 membranes showed superior PM2.5 capture efficiency.

• The process and mechanism of PM2.5 capture were studied.

A R T I C L E I N F O

Keywords:
Poly(lactic acid)
ZIF-8
Porous structure
PM2.5 capture
Barrier property

A B S T R A C T

In this work, the nanoparticles of zeolitic imidazolate framework-8 (ZIF-8) are incorporated into poly (lactic
acid) (PLA) to prepare porous electrospun membranes. The morphology, mechanical property as well as the PM
capture process and capacity of the membranes are studied using scanning electron microscopy (SEM), BET test,
X-ray diffraction (XRD), tensile test, Fourier infrared spectra (FT-IR), UV–visible spectra, thermogravimetric
analyses (TGA) and photoelectron spectroscope (XPS), systematically. The results demonstrate that the diameter
and nanoscale porous structure of fibres can be successfully controlled by changing the content ZIF-8. The PLA/
ZIF-8 membranes show better mechanical property compared with pure PLA membrane. The PM capture
measurement demonstrates that the PLA/ZIF-8 porous membranes exhibit significantly enhanced PM2.5 re-
moval efficiency compared to that of the pure PLA membrane. The prepared porous membranes also show low
pressure drops and good recycling performance.

1. Introduction

Suspended particulate matter (PM), which is a complex mixture of
extremely small solid particles and moisture, has been considered one
of the most serious environmental issues [1–3]. On the basis of size, PM
can be classed into two types as PM10 and PM2.5, representing particle
sizes below 10 and 2.5 μm, respectively [4]. Long-term exposure to
PM2.5 has been consistently associated with lung cancer [5,6], cere-
brovascular disease [7], neurodegeneration [8], etc. People use various
air filters to prevent inhaling PM in haze. However, most of those air
filters have shortcoming of poor PM2.5 rejection.

Polymer fibrous membranes made by electrospinning have great
advantages of high surface area, good air permeability and good in-
ternal connectivity, making them good candidates as air filters. What’s
more, the morphology of the electrospun fibre which is vital in blocking
and adsorbing fine particles from air can be controlled by changing the
parameters of electrospinning or/and by modification [9,10]. The
Group of Cui demonstrated that the electrospun polymer nanofibers

(i.e., polyacrylonitrile (PAN), polyimide (PI), and nylon-6 (PA6)) had
strong affinity to PM pollutants and therefore showed a high removal
efficiency at low pressure drop and a high optical transparency
[11–13]. Jing et al. modified the electrospun PAN using ionic liquid
diethylammonium dihydrogen phosphate (DEAP) for PM2.5 removal.
The modified PAN nanofibers exhibited significantly improved PM2.5
capture capacity compared to that of the pure PAN nanofibers [14].
Compared with those mentioned polymers, poly(lactic acid) (PLA),
which is produced from renewable resources and biodegradable, is
more environmentally friendly [15,16]. Wang et al. fabricated various
porous bead-on-string PLA nanofibrous membranes by regulating the
solution concentration and the ratio of the solvent mixture [17]. They
found filtration efficiency and pressure drop for the resultant PLA
membranes could be controlled by modifying the morphology of the
fibres. They also prepared hybrid PLA/TiO2 fibrous membranes via the
electrospinning technique. They found the PLA/TiO2 fibrous mem-
branes exhibiting excellent air filtration performance and good anti-
bacterial activity [18].
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Metal-organic frameworks (MOFs), as one of the emerging porous
crystalline materials, are composed of metal ions linked together by
organic bridging ligands [19]. Adding MOFs into a polymer matrix to
fabricate MOFs based composites has been intensively studied in recent
years [20,21]. The MOFs/polymer composites are potentially applied in
gas storage [22], microencapsulation [23], catalysis [24], and separa-
tion [25]. Recently, MOFs have shown excellent potential for applica-
tion in air purification due to their large surface areas as well as rich
functionalities [26–28]. Combining porous fibres with porous MOFs
will be a new method for designing and modifying the structure of filter
media to improve filtration performance. However, study on the PM2.5
capture capacity of the PLA/MOFs electrospun membranes has not been
reported.

In this study, we have explored the possibility of fabricating high
efficient PM2.5 capture electrospun membranes with improved per-
formance by incorporating zeolitic imidazolate framework-8 (ZIF-8, Zn
(MeIm)2, MeIm=2-methylimidazole) with PLA matrix. ZIF-8 is one of
the most important primary members of MOFs. Its structure analogous
to zeolites that are built upon 4-connected nets of tetrahedral units,
wherein Zn2+ is linked through N atoms in imidazolate anions [29].
The crystal structure of ZIF-8 is shown in Scheme 1. Its highly accessible
pores, great surface area, high thermal stability, chemical stability and
long-term stability in gas atmosphere make it a good candidate for air
purification [27,30–32]. Therefore, we introduced the ZIF-8 nano-
particles into PLA matrix to fabricate porous nanocomposite mem-
branes. The surface morphology, mechanical properties and adsorption
capacity for PM2.5 of the porous composite fibres have been system-
atically studied.

2. Experimental section

2.1. Materials

Poly(lactic acid) (Haizheng 290, melt flow index of 10–30 g/10min)
was obtained from Zhejiang Hai Zheng Biological Materials Co. Ltd,
China. 2-Methylimidazole (98%) was purchased from Aladdin
Industrial Corporation. Zn(NO3)2·6H2O, methanol (99.5%) and CH2Cl2
(99.5%) were obtained from Sinopharm Chemical Reagent Co. Ltd,
China.

2.2. Synthesis of ZIF-8

The ZIF-8 nanoparticles were synthesized in a manner similar to a
previously reported procedure [34]. At first, 5 mmol of Zn(NO3)2·6H2O
was dissolved in 100mL of methanol. Subsequently, 20mmol of 2-
methylimidazole was dissolved in 100mL of methanol. Two solutions
were mixed thoroughly under stirring with a magnetic bar for 1 h. After
standing for 12 h, the resultant particles were centrifuged and washed
with fresh methanol and then dried at 80 °C.

2.3. Preparation of the porous PLA/ZIF-8 fibrous membranes

For the preparation of PLA/ZIF-8 samples, different loadings of ZIF-
8 (0, 1, 2, 3, 5 wt% based on the weight of PLA) were dispersed in
10mL CH2Cl2 by an ultrasonic mixing for 30min. Then, the PLA pellets
(10 wt%) were dissolved in the ZIF-8 suspension by stirring at room
temperature. The mixture was stirred for 4 h to obtain uniform com-
posite solution before being loaded in a 10mL syringe. The electro-
spinning process as shown in Scheme 2 proceeded under 22 kV voltage
and 0.5mL/h feeding rate. A metal screen collector covered with
copper screen was centered vertically at a distance of 20 cm from the
syringe tip. The porous PLA/ZIF-8 fibrous membranes with thickness of
∼0.1mm (measured by a digital display micrometer) were compiled to
form a mat for further characterization. For brevity, the samples con-
taining 0, 1, 2, 3 and 5wt% ZIF-8 are abbreviated as PLA, PZD1, PZD2,
PZD3 and PZD5 from now on.

2.4. Characterization techniques

The morphology of PLA/ZIF-8 porous fibrous membranes was in-
vestigated by a Hitaclhi S-4800 scanning electron microscopy (SEM,
Hitachi, Japan). The specific surface area (SSA) of PLA and PLA/ZIF-8
membranes were determined from the N2 isotherm adsorption at 77.5 K
recorded on an ASAP2020 BET surface analyzer (Micromeritics,
America). Prior to the adsorption measurements, the samples were
degassed for 8 h at 323.15 K. X-ray diffraction (XRD) measurements
were carried out by a D8 Advance diffractometer (Bruker, Germany) at
40 kV and 40mA with Cu Ka radiation (λ=0.15418 nm). The Fourier
infrared spectra (FT-IR) ranging from 400 to 4000 cm−1 were obtained
by FT-IR-8400S spectrometer (Shimadzu, Japan) with the resolution of
2 cm−1. Changes in the UV–visible spectra on the samples were mon-
itored with a UV-2101PC spectrophotometer (Shimadzu, Japan).
Tensile testing was performed on a CMT tensile tester (Sans, China)
with a rate of 10mm/min at room temperature. The samples with
known thickness were cut into strip with dimensions of 0.5 cm×4 cm.
The values were averaged over five measurements. Thermogravimetric
analyses (TGA) were performed using a TGA/SDTA851e (Shimadzu,
Japan). The samples were heated from 30 to 600 °C with a heating rate
of 20 °C/min under nitrogen flow. The bonding information of the
samples before and after adsorption were analysed by a PHI 5300 X-ray
photoelectron spectroscope (XPS, PE, America).

2.5. PM adsorption measurement

The PM was generated by burning cigarette. The inflow con-
centration was controlled by diluting the smoke using moist air to a
hazardous pollution level equivalent to the PM2.5 index>800 μg/m3.
The mixture of PM and moisture was introduced into a glass container
at a flow rate of 1.5 L/min. The samples covered on the top of the
container. The smoke system was refreshed every 5min to keep the
high concentration of PM2.5 during the 60min measurement. A LD-5/
5J particle counter (TLYE, China) was used to detected PM particle
concentration. The pressure drop was measured by an EM201B differ-
ential pressure gauge (UEi, American).

In order to investigate the recycling performance of the PLA/ZIF-8
membranes. PZD2 after 60min adsorption was ultrasonic cleaned inScheme 1. Crystal structure of ZIF-8: Zn (polyhedral), N (sphere), and C (line) [33]
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70% (v/v) ethanol/water for 1min. The washed membranes were put
on a piece of glass and dried at 50 °C. Then, the PM removal efficiency
and the pressure drop were measured.

3. Results and discussion

3.1. Morphology of the PLA/ZIF-8 fibrous membranes

The morphology of the PLA/ZIF-8 fibrous membranes was in-
vestigated by SEM. SEM micrographs and diameter distributions (ana-
lyzed by Nano Measurer 1.2) of the porous PLA/ZIF-8 fibrous mem-
branes are shown in Fig. 1. Our previous work has proven that the
addition of the ZIF-8 nanoparticles can adjust the diameter of PLA fibres
[35]. Fig. 1 shows as the incorporation of ZIF-8 nanoparticles, the
diameter is decreased, and the diameter distribution becomes narrow,
which is consistent with what we reported. The decrease of the dia-
meter can be attributed to the fact that the addition of the ZIF-8 na-
noparticles reduces the surface energy [36,37]. Besides, the in-
corporation of the ZIF-8 nanoparticles can increase the stability of the
PLA/ZIF-8 solution and thus narrows the diameter distribution [38].
The combination of SEM and the image processor software Image J2
has been proved to be a powerful tool for analysis of the porous ma-
terials [39,40]. The high magnification SEM images of the prepared
membranes are analyzed by Image J2 to estimate the average pore size,
pore area fraction and perimeter of pores. As shown in Table 1, the
average pore size, pore area fraction and perimeter of pores increase
significantly in presence of ZIF-8. The average pore size, pore area
fraction and pores perimeter increase from 0.018 μm2, 20.7% and
0.53 μm for pure PLA to 0.080 μm2, 35.7% and 1.09 μm for PZD2, re-
spectively. The pore area fraction of PZD2 is higher than that of the
hierarchical structured nano-sized/porous poly(lactic acid) (PLA-N/
PLA-P) composite fibrous membrane, which shows great air filtration

performance [41].The addition of the ZIF-8 nanoparticles to the PLA
matrix results in more and larger pores appearing, suggesting that ZIF-8
particles promote the formation of pores on the fibre surface. The BET
SSA of the porous membranes are also shown in Table 1. It is obvious
that adding ZIF-8 increases the specific surface, which is helpful for the
capture of PM2.5. There are not any agglomerations can be seen on the
surface of PLA/ZIF-8 porous fibre due to the good dispersion of ZIF-8 in
the PLA matrix.

3.2. The XRD of the PLA/ZIF-8 fibrous membranes

Fig. 2 shows the XRD patterns of pure ZIF-8, pure PLA fibrous
membranes and the PLA/ZIF-8 fibrous membranes with different ZIF-8
content. As shown in Fig. 2(a), there is an exceptionally wide diffraction
from 10° to 25° for all membrane samples, which is caused by the
scattering of the PLA matrix [42]. The sharp peak around 7.41°, which
is attributed to the reflections of the plane of ZIF-8, appears in XRD
patterns of the PLA/ZIF-8 fibrous membranes, indicating the presence
of ZIF-8 on the surface of the porous PLA fibres. However, after the
60min PM adsorption, the (1 1 0) diffraction peak of PZDs disappears
or becomes weak, suggesting that the ZIF-8 nanoparticles can adsorb
PM onto their surface.

3.3. The mechanical property of the PLA/ZIF-8 membranes

The mechanical property is always one of the most important in-
dexes to make use of membranes reasonably and effectively. The typical
stress-strain curves and the values of the tensile strength and strain at
break are shown in Fig. 3. It can be seen in Fig. 3 that the stress-strain
curves of the porous PLA/ZIF-8 membranes are similar to other un-
aligned electrospun membranes [43]. With the increasing content of
ZIF-8, the values of the tensile strength and the strain at break show a

Scheme 2. The schematic diagram electrospinning of the PLA/ZIF-8 porous nanofibers.
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nonmonotonic trend, reaching the maximum when ZIF-8 content is 2 wt
%. However, PLA with 0.5 wt% ZIF-8 is the optimized formulation in
our previous work. The difference may be caused by the different fab-
ricating parameters. In case of PZD2, the tensile strength (2.86MPa) is
more than twice that of the pure PLA membrane (1.26MPa). The tensile

strength of PZD2 is not as high as the PLA/ZIF-8 dense nanofiber
(3.44–5.02MPa) due to the porous structure [35]. The strain at break
increases from 56.6% for PLA to 100.5% for PZD2. The increase in
tensile strength and strain at break indicate an efficient load transfer
from the PLA matrix to the ZIF-8 particles. The efficient load transfer

Fig. 1. The SEM of PLA/ZIF-8 fibrous membranes before PM
adsorption measurement (a1, a2: PLA; b1, b2: PZD1; c1, c2:
PZD2, d1, d2: PZD3, e1, e2: PZD5.)
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could be attributed to the good dispersion of ZIF-8 in the matrix and the
good interfacial adhesion between the PLA matrix and the ZIF-8 na-
noparticles.

3.4. The PM capture property of the PLA/ZIF-8 membranes

The thermogravimetric (TG) test was performed to evaluate the
adsorption capacity of the PLA and ZIF-8/PLA porous membranes. The
TG curves of all samples before and after PM adsorption are displayed
in Fig. 4(a) and Fig. S1. As shown in Fig. 4(a) and Fig. S1, the TG curve
for each sample changes a lot after PM adsorption. Before PM capture,
all samples show one thermal degradation stage which mainly caused
by the degradation of PLA matrix. However, there are three thermal
degradation stages after PM capture. It is apparent that the first and the
third weight loss stages completely result from the adsorbed PM. The
significant weight loss at the second stage is mainly caused by the bare
sample. Briefly, take the PLA as sample (Fig. 4(a)), we evaluated the PM
adsorption capacity by dividing the sum of the weight losses in the first
(9.23%) and third (7.10%) stages by the second-stage (83.63%) weight
loss. As shown in Fig. 4(b), the calculated capacity of PLA, PZD1, PZD2,
PZD3 and PZD5 are 19.5%, 29.5%, 35.5%, 34.6% and 28.6%, respec-
tively. Jing et al. [14] reported that DEAP-modified PAN nanofibers
exhibited significantly enhanced PM2.5 capture capacity. They also
evaluated the PM2.5 adsorption capacity by TG test, and their max-
imum PM2.5 capture capacity is only 21.9%. The presence of ZIF-8
nanoparticles significantly increases the PM adsorption capacity of the
porous membranes. There are three possible reasons for the increase of
adsorption efficiency. Firstly, the reduction in fibre diameter can en-
hance the adsorption property [44]. Furthermore, the porous structure
of ZIF-8 provides more sites for PM2.5 capture and enhances the in-
teraction between the composite and PM2.5 [27]. Finally, the interac-
tion between the membranes and PM can be strengthen by the func-
tional groups and open metal sites.

The removal efficiency was calculated by the following equation:

= − ×Removal efficiency (1 C/C ) 100%0 (1)

Where C0 and C are the PM concentrations before and after passing
through the membrane when adsorbed for 5min, respectively. As
shown in Fig. 5(a), PLA, PZD1, PZD2, PZD3 and PZD5 achieve PM2.5
and PM10 removal efficiencies of 85.49%, 88.63%, 94.61% 94.41%,
94.44% and 90.53%, 91.58%, 94.82%, 97.90%, 96.57%, respectively.
The porous PLA/ZIF-8 membranes show higher removal efficiencies for
PM, especially for PM2.5, than the neat PLA membrane. The PM re-
moval efficiencies of PZD2 at different capture time are shown in
Fig. 5(b). In 60min adsorption process, PZD2 achieves PM2.5 and
PM10 removal efficiencies of 92.33–96.81% and 94.82–98.75%, re-
spectively. Besides the efficiency, a low air flow resistance is also an
important performance for the filtration membranes. The pressure
drops of PLA membranes with different ZIF-8 content are shown in
Fig. 5(a). At a face velocity of 12.5 cm/s, the pressure drops of all
samples are less than 50 Pa. The pressure drops of PLA/ZIF-8 mem-
branes are lower than that of neat PLA, which may result from the
higher porosity of the PLA/ZIF-8 membranes.

In addition, the recycling performance of PZD2 was evaluated. After
60min adsorption, PZD2 was washed in 70% ethanol by sonication.
The washed and dried membrane was used again to capture PM. As
shown in Fig. 6, after three cycles, the removal efficiency for PM2.5 and
PM10 decreases slightly and remain higher than 88%. The pressure
drop increases with the increasing of used times and remain lower than
80 Pa. Xiong et al. speculated that the increase of pressure drop is due to
the residual particles which lead to increased air resistance [45].

In order to understand the PM capture process, the morphology of
PZD2 with different time of PM capture was examined by SEM. As
shown in Fig. 7, lots of pores randomly distribute on the surface of
PZD2 fibres before PM capture. After 10min adsorption of PM, some
deposits are observed, filling part of pores. The high porous structure of
PZD2 fibre provides many attachment points for PM. It is obvious that
the size of the particles adsorbed by the pores on the surface of PLA
fibre is smaller than 2.5 μm, suggesting that the porous PLA/ZIF-8
membranes can capture PM2.5 effectively More deposits are observed
after 20min capture and the pores on the surface of fibres are obviously
decreased, suggesting that more PM2.5 are adsorbed. After 60min
capture of PM, the smoke PM formed a coating layer tightly wrapped
around the PZD2 fibres.

The Fourier infrared spectra and UV–vis spectra of PZD2 before and
after 60min PM capture are shown in Fig. 8. The principal absorbance
peaks obtained for PZD2 are as follows: (i) the strong peak at
1730 cm−1 is attributed to the C]O stretching, (ii) the peaks at
1443 cm−1 and 1347 cm−1 are attributed to the CeH bending vibra-
tion, (iii) the peaks around 1175 cm−1 and 1069 cm−1 are assigned to
the symmetric and asymmetric mode of CeOeC stretching, respec-
tively, (iv) the peak at 862 cm−1 is due to the CeCOO stretching
[46,47]. After the adsorption of PM, the spectrum of PZD2 is changed.
The peaks at 1730 cm−1, 1175 cm−1 and 1069 cm−1 shift to

Table 1
Average pore size, area fraction, perimeter of pores and BET SSA of PLA and PLA/ZIF-8
membranes.

Sample Average pore size
(μm2)

Pore area
fraction (%)

Perimeter (μm) BET SSA
(m2/g)

PLA 0.018 ± 0.002 20.7 ± 0.7 0.53 ± 0.07 19.80
PZD1 0.031 ± 0.001 25.5 ± 0.1 0.60 ± 0.01 22.31
PZD2 0.080 ± 0.001 35.7 ± 0.5 1.09 ± 0.02 25.24
PZD3 0.079 ± 0.001 31.5 ± 0.4 1.09 ± 0.02 25.16
PZD5 0.041 ± 0.003 29.1 ± 0.2 0.81 ± 0.03 23.75

Fig. 2. The XRD pattern of ZIF-8 nanoparticles and the PLA/ZIF-8 porous membranes before (a) and after PM capture (b).
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1743 cm−1, 1179 cm−1 and 1081 cm−1, respectively. Additionally, a
new peak at 841 cm−1 appears in the spectrum. The shifting of main
peaks to higher wavenumber and the appearance of new peak suggests

the existence of great interactions between PZD2 fibres and PM., Before
PM capture, PZD2 only shows one peak at 210 nm in Fig. 8(b). After
60min PM capture, the peak at 210 nm shifts to 213 nm, suggesting the
interactions between PZD2 and PM. Additionally, a new peak at 267 nm
appears, which can be attributed to the nicotine produced by burning
cigarettes [48].

In the experiment of PM adsorption, one side of the membrane is the
air with PM (A-side) and another is clean air (B-side). Fig. 9 shows the
photos of the two sides of PZD2 membrane with different PM capture
time. As time goes on, the color of A-side is changed gradually from
white to tan indicating increased PM capture. However, the color of B-
side does not change with time, suggesting that the PLA/ZIF porous
membrane has good PM barrier performance.

X-ray photoelectron spectroscope (XPS) was performed to in-
vestigate the composition of PZD2 before and after (two sides) PM
capture. Fig. 10 shows the XPS characterization of PZD2 before and
after 10min PM capture. The main composition of PZD2 before and
after (two sides) 10min PM capture is listed in Table 2. As shown in
Fig. 10, C1s spectra of untreated PZD2 comprise three major peaks at

Fig. 3. (a) The stress-strain curves and (b) the values of the
tensile strength and strain at break.

Fig. 4. (a) TG analyses of PLA before and after 60min of PM2.5 capture, (b) the PM2.5 adsorption capacity of PLA and its composites.

Fig. 5. (a) PM2.5 and PM10 removal efficiencies of PLA and PLA/ZIF-8 porous membranes, (b) PM2.5 and PM10 removal efficiencies of PZD2 at different capture time.

Fig. 6. PM2.5 and PM10 removal efficiencies and the pressure drop of PZD2 after dif-
ferent recycling tests.
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284.6 eV, 286.5 eV and 288.6 eV, corresponding to CeC/CeH bonds,
CeOeC group and C]O group, respectively [49]. Since the content of
N is very low, there is not any peak that can be seen in N1s spectra of
untreated PZD2. It can be seen in Table 2 that the contents of C, O and
N of untreated PZD2 are 60.9%, 38.8% and 0.3%, respectively. As
shown in Fig. 9, after 10 min PM capture, only a small amount of PM is
captured. However, remarkable changes can be found from the C1s
signal of A-side. The peak at around 288.6 eV is significantly decreased
compared to that of the untreated PZD2, indicating the decrease in the
amount of C]O group. The N1s signal of A-side appears at 399.0 eV,
which is attributed to the CeN bond from PM [11]. The contents of C,
O, N and Zn of A-side are 75.2%, 22.5% and 1.7%, respectively. It is
obvious that the presence of PM significantly changes the composition
of the membranes surface. The C1s and N1s spectra of B-side are almost
as same as that of untreated PZD2 and the composition of B-side is very
close to that of untreated PZD2, suggesting that there is almost no PM
on the surface B-side. The results of XPS further confirm the perfect

barrier property of PZD2.
The proposed PM capture mechanism of the porous PLA/ZIF-8

electrospun membrane is shown in Fig. 11. The large size PM, which
cannot even go through the gaps between fibres, can be easily blocked
by the membrane. The PM in smaller size, such as PM2.5, can be cap-
tured by the large number of pores on the surface of PLA fibres. In
presence of ZIF-8, the interaction between the composite and PM is
strengthen due to the functional groups and open metal sites. Apart
from the functional groups and open metal sites, the ZIF-8 nanoparticles
on the surface of PLA fibres can provide more adsorption sites, resulting
in the enhanced PM2.5 capture capacity.

4. Conclusion

The porous PLA/ZIF-8 electrospun membranes were prepared suc-
cessfully. ZIF-8 nanoparticles are uniformly distributed on the surface
of porous PLA fibres. The prepared PLA/ZIF-8 membrane with 2 wt%

Fig. 7. SEM images of PZD2 with different time of PM capture.

Fig. 8. (a) The FTIR spectra and (b) the UV–vis spectra of the PZD2 before and after the 60min PM capture.
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ZIF-8 shows significantly improved tensile strength and the strain at
break compared with pure PLA membrane. When the content of ZIF-8
rises to 5 wt%, the tensile strength and the strain at break of PLA/ZIF-8
membrane do not decrease compared to that of the pure PLA mem-
brane. The PLA/ZIF-8 membrane show great PM2.5 capture efficiency
due to the presence of the pores and ZIF-8 particles on the surface of
fibres. Moreover, the prepared membranes have low pressure drops and
good recycling performance. Owning these unique characters, the
porous PLA/ZIF-8 electrospun membranes could be a good candidate as
air filter for PM2.5 capture.

Fig. 9. Photos of PZD2 with different PM capture time.

Fig. 10. XPS characterization of PZD2 before and after the
10min PM capture illustrating C1s and N1s peak analysis.

Table 2
Composition of PZD2 before and after the 10min PM capture.

Samples Composition (%)

C O N Zn

PZD2 before PM capture 60.8 38.9 0.3 0.2
PZD2 after PM capture (A-side) 75.2 22.5 1.7 0.1
PZD2 after PM capture (B-side) 62.1 37.4 0.3 0.2
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